The excitation functions for positive pion production from hydrogen have been obtained in the energy region from 230 Mev to 450 Mev and at laboratory pion angles of 24', 38', 53', 73', 93', 115', 140', and 160'.
I. INTRODUCTION
energies all of the corrections to the data were small and amenable to exact calculation. However, at high energy the telescope method suffers from rather big corrections due to the large interaction of the pions with the material in which their range is being measured. The 6nal results of the two experiments do not agree in complete detail, and tend to indicate that undetected systematic errors still exist in either or both of the experiments. These details will be discussed further at the end of the paper. On the other hand, the agreement between the experiments is such that no doubt is left about the over-all behavior of the process and a good comparison with existing theories is possible. ' 'HE operation of the CalTech synchrotron has made it possible to obtain data on the photoproduction of positive mesons from hydrogen in the energy region from 200 Mev to 500 Mev and thus considerably extend the region over which the cross section has been measured. The measurements reported here consist of excitation curves at pion angles of 24', 38', 53', 73', 93', 115', 138', 160 in the laboratory system and from these curves the angular distributions in the c.m. system at photon energies of 230, 260, 290, 320, 350, 380, 410, 440, and At the time this experimental program was undertaken it was realized that it would be possible to perform the measurements by either of two methods. In both methods the incident photon energy must be calculated from a knowledge of the pion energy and the dynamics of the reaction studied. This energy can be inferred either by measuring the pion range in a scintillation counter telescope or by measuring the pion momentum by means of deQecting magnets. ' The second method is described in the preceding paper and is hereafter referred to as the "magnet method. " These two techniques are subject to quite diferent systematic errors and tend to complement each other. For instance, the magnet method at low energies required corrections for slit edge scattering and penetration and also rather large decay corrections due to the long Right path traversed by the mesons. The telescope was subject to these eHects only to a very limited extent, and at lo
II. EXPERIMENTAL METHOD (a) Collimation
The brernsstrahlung beam from an internal 0.016-in.
thick strip of copper is 6rst collimated by a -, -in. hole in a 12-in. thick lead block located 12 ft from the copper target. This primary collimation is followed by two secondary collimators which are of such a size and aligned in such a way that they do not intercept the direct beam. One of these secondary collimators is located in a concrete wall which shields the experimental area from the machine and the Anal one is just in front of the high pressure hydrogen target and arranged so as to shield the walls of the steel target cylinder from x-rays, as shown in Fig. 1 In the course of the experiment three different telescope arrangements were used. The first had the electronics arranged as shown in a block diagram in Fig. 3 .
The counters are numbered as in Fig. 2 . The pulses from counters C~and C3 were put into a fast coincidence circuit with a resolving time of 10 ' sec. These counters defined the solid angle and in addition the presence of C& made the telescope insensitive to p rays converted by the copper absorbers which were placed between Cã nd C2. If in addition to a fast coincidence between C» and C~a slow coincidence was recorded between C2 and Cg, then the gate to the 20-channel pulse-height analyzer was opened and the pulse height in counter C2 was recorded. A typical pulse-height spectrum from a CH2 target is shown in Fig. 4 and it is seen that the use a series expansion:
Here a is the width of the counters C» and C3, h is the height of counter C3, c the distance from the center of C3 to the point where the axis of the telescope intersects the beam axis, and / is the distance from C~to C3. The term n involves the squares of the ratios of beam radius, h, and a to the distance c. These terms have been results obtained from the hydrogen target at 73' for three diferent photon energies. It is seen that in addition to the x mesons, there is a peak due to electrons and a small peak due to protons. By varying absorbers A~and A2 it was shown that the source of the proton peak was due to z mesons which made a star in absorber A~after triggering counter C~. A proton from this star would then trigger counters C2 and C3.
The telescope could be triggered also by various accidental events. The most serious of these was caused by a meson which did not pass through C&, but did actuate C2 and C3 properly and was also accidentally coincident with a pulse in C~. To provide information for correction of this type of event, an accidental channel was constructed by sending the delayed pulses from C& through electronic circuits identical with those through which the nondelayed pulses traveled. The accidental channel was then aligned in such a way that it had the same counting rate as the true channel when both channels received delayed pulses from C&. The continuous monitoring of the accidental events not only provided the data for the necessary corrections, but also enabled one to adjust the experimental conditions such that the corrections never became large.
At the forward angles of 24' and 38' the structure of the telescope was modified. At these angles C~, which must be biased to count minimum ionization particles, counted at an excessive rate due to electrons produced in the ends of the bomb and scattered into the telescope. Hence, counter C& was replaced by wolfram slits and these slits in conjunction with counter Ca then de6ned the angular acceptance of the telescope. Fig. 16 and their values at 30-Mev intervals are listed in Table I . The total cross section curve is shown in Fig. 17 as computed from
and values are listed in Table I . (c) Range Energy Relation
Meson ranges in copper were obtained from the proton range energy relation given by Aron.~These ranges were corrected for multiple scattering in the absorbers in order to obtain the projected ranges which The effect of multiple scattering and shadow scattering in the absorbers was calculated and a correction made to the data. This amounted to less than 3 percent.
Scattering in the lead shieMing surrounding the telescope was calculated and found to be negligible. Scat- the telescope measures. This effect amounts to a shortening of the meson range in copper as calculated from Aron's curves by about 1.5 percent. The ranges were assumed to be accurate to 1 percent +0.01 cm.
(d) AR Determination
The range of photon energies effective in producing mesons which actuated the telescope was, as indicated above, directly proportional to the DE. of the telescope which in turn was made up of absorber Ag plus counter 3. As a check, the equivalent thickness in centimeters of copper of C3 was experimentally measured in the following manner. The counts in the meson peak were observed as absorber A3 was varied from 0 up to~in. of copper in 5 steps while adjusting absorber A2 to keep the mean range constant. The data when plotted should give a straight line which has an inter-cept with the absorber A3 axis equal to the equivalent thickness of counter 3. The results a,re shown in Fig. 18 where a least-squares fit to the data has been made. (f) Backgrounds The backgrounds were obtained with the target empty and typically were less than 10 percent, but sometimes as high as 30 percent of the counts from the gas. The geometry of the telescope was always such that the steel ends of the target were excluded from the region contributing counts to the telescope.
V. ERRORS
A summary of the assumed errors is given below.
These are divided into two classes. The erst are errors which are independent of energy and angle and hence aGect the absolute value of all the results. These errors are not included in the results shown on any of the graphs or in the results quoted in Table I . (1) Beam calibration: 7 percent.
(2) Hs gas density: 3 percent. 95, 1100 (1954) .
